This study aims to develop a methodology to capture in-depth impressions, which underlie the surface impressions of design, by using concept network analysis. The proposed methodology consists of association analysis of users' free descriptions, construction of concept network, and extraction of the in-depth impressions from the network. To investigate the application of the methodology, we carried out a case study. We examined the differences between three groups of hospital uniforms, comparing conventional and other colours. We found significant in-depth impressions from the concept networks of impressions. A clear difference was found among the three groups. The results confirm the effectiveness of the proposed methodology in understanding impressions of design. Finally, we proposed to implement the findings in selecting the colour for hospital uniforms.
Introduction
The impressions of designed artefacts are essential for what it represents to users. However, to detect, analyse, and understand the users' impressions in depth is not an easy task. In design, what an artefact represents to users is usually investigated as artefact's functions (Chakrabarti and Bligh, 2001; Gero and Kannengiesser, 2004; Pahl et al., 2007) . However, addressing the psychological aspects -impressions, in-depth impressions, and associations drawn from the designed artefact -is the next challenge. These impressions, in-depth impressions, and associations are meaningful for the designer in order to design an artefact to create the intended impressions in the users.
In this research, we refer to the impressions of designed artefacts as 'design impression'. The surface impressions of designed artefacts are explicitly recognised by the users. We use 'in-depth impressions' for users' underlying cognition of designed artefact, which is difficult to express. The artefact is a stimulus, which creates users' surface and in-depth impressions. We account the in-depth impressions as difficult to capture inherent part of the users' associations and emotions from designed artefacts (Norman, 2004) . To address this issue and to gain understanding of psychological aspects, we aim to develop a methodology that captures in-depth impressions.
This paper is structured as follows. The introduction section focuses on the impressions of designed artefacts and necessity to capture in-depth impressions of design that underlie the surface impressions. The Section 2 introduces the aims regarding proposed methodology. In Section 3, we describe the framework of the methodology. Section 4 introduces the design evaluation study in which nine hospital uniforms (three groups) were selected for examination using the proposed methodology. Furthermore, Sections 5 and 6 outline the differences found among the three groups, and discuss the significant high central concepts from the concept networks of design impressions. On the basis of the findings, in Section 7 we propose colour coordination of the uniforms.
Impressions and functions
We can distinguish between the approaches adopted by other studies towards the designed artefact from two different perspectives -functional application of the design and users' impressions of the design created. The applied methodologies are also diverse.
The viewpoint of the design's impressions emphasises the user-oriented design. They refer to the image of the product on the basis of the impression in the users' mind, that is, the users' cognitive interpretation of the designed product. The concept of emotional design emerges from such a connection. Norman (2004) highlights the interaction between effect, emotion, and cognition. An emotional response to a product design that is in agreement and does not conflict with its efficiency is the chief attribute for a product's success. Krippendorff (2006) discussed the product semantics approach as attributing meanings as impressions. This approach takes into account the relationship between the user's cognitive models and the perceivable features of the product in question. Through a sequence of activities, semantic considerations are incorporated into the design process. Some of the activities include establishing the semantics to be communicated, outlining the attributes to be expressed, and searching for the manifestations to project the semantic considerations into shape (Krippendorff, 2006) . This approach is centred on symbolic associations and meanings and is generated by design features during the design process. It establishes the meanings embodied in design in the form of design semantics.
Impressions of designed artefacts
In this study, we propose a new methodology to capture users' impressions of products (designed artefacts). In this section, we first discuss the previous methods of capturing users' impressions and then explore our original method to understand the structure of impressions. Krippendorff (2006) emphasised design as a creative work that makes sense of an artefact. He developed his knowledge of design with a view to invent meanings for users' experiences. Encouraged by his study, there have been an increasing number of design methodologies based on users' interpretations of their experiences (Crilly et al., 2004; Van Rompay et al., 2005; You and Chen, 2007; Mugge et al., 2009; Nurkka et al., 2009) . We believe that people ascribe many interpretative meanings to designed artefacts. Interpretative meanings not only include usage aspects (e.g., 'how to use') but also impressions (e.g., feelings). The true impression formed after using an object serves to evoke deeper impressions, which differ from the surface impression because the user has learned about the object and cultivated a deeper understanding of it. The true impression is being studied as an image schema (Lakoff, 1987) , in connection with the perception and creation of meaning. Such image schemas refer to the perception of basic meanings such as up-down, near-far, or in-out. On the basis of such associations, humans establish numerous, extremely rich metaphorical concepts (impressions). This profound understanding is regarded as a remarkable feature of the human mind (Spranger, 1921) , which constructs interpretations of things and semantics.
According to Rosenmann and Gero (1993) and Cross (2006) , the characteristics of creative design respect this profound understanding of objects. Such profound understanding illuminates the key features of cognition in creative design. According to Fukazawa (2007) , an outstanding designer actually employs a method based on the profound understanding of design. He stated that an outstanding designer visualises a clear image of the 'archetype of the object' (i.e., an in-depth impression) even before he begins designing it. Indeed, users' impressions form images of objects, which are activated from 'in-depth impressions' (Figure 1 ). We believe that in-depth impressions have strong conjunctions with the profound understanding of design. Therefore, understanding the impressions of objects (designed artefacts) is inherent to develop both design creativity and design methodology (Georgiev et al., 2010) . 
Previous studies on design impression
There are numerous methods to understand people's impressions of objects. One of the most popular methods is the Kansei evaluation method, which adopts the semantic differential (SD) method. Kansei means feelings, emotions, and sensitivities. The SD method was proposed by Osgood et al. (1957) to measure the connotative meaning of concepts. The respondent is asked to rate where his or her perception lies on a scale between two bipolar adjectives. Thus, human sensitivities to objects are evaluated through score sheets with a set of two bipolar adjectives, for instance, 'bright' and 'dark' (scales ranging from 1-5 or 7); the factors involved are determined by using mathematical analyses to form a semantic map (Barnes and Lillford, 2009 ). There are many advantages of using the Kansei evaluation method in design (Harada, 1998) . For example, Ohtomi (2009) used the SD method to survey product sound quality and verify the design for worth. Because the SD method obtains quantitative analytic results, it has become a popular method for investigating the sensibility related with design impression (Nagamachi, 1991) . On the other hand, some studies have reported the limitations of Kansei evaluation when used with the SD method. One limitation is with respect to the scoring method used to collect data. The scoring method seems to analyse the tentative, shallow impression or the surface impression of participants on the basis of the exterior of the stimuli presented (Yamamoto et al., 2009 ). The 'rough sets method' has been proposed on the basis of fuzzy logic to overcome this limitation and analyse the collected impressions using flexible integration (Mori et al., 2004) . However, even with this method, it is difficult to capture the in-depth impressions (described above). This limitation is closely related to a dynamic process of human cognition. We focused on the human cognition in the associative process. Nagai et al. (2006) investigated the protocols in the design process within the framework of the association process. They used a conceptual combination task to determine the factors involved in the creative design process. The focus was on the number of concepts associated with the concepts presented during the task and the use of action concepts in the design process. In their experiments, the protocol data were analysed by automatic methods using the associative concept dictionary (Ishizaki, 2007) . Capturing such associative words and concepts and identifying the process involved has increased the understanding of human thoughts and impressions. In this study, we focus on the associative process in a network structure in order to capture in-depth impressions (see Figure 2 ) of designed artefacts. We approach the in-depth impressions in the form of associative words of design. The in-depth impressions cannot be approached by conventional approaches such as the SD method.
Aims
The central issue addressed in this study concerns how to capture the users' impressions of designed artefacts. We aim to develop a methodology that captures the in-depth impressions, separately detecting them from the surface impressions of designed artefacts. The design methodology is expected to be related to the semantic aspect of in-depth human perception. For this purpose, we consider the structuring of impression as a result of dynamic thought processes in the human mind. Thus, we focused on the associative process that connects concepts in the human mind. To address its aim, this study uses methodology that employs semantic networks.
The methodology was applied to a case study of colour coordination, wherein hospital uniforms were used to capture the design impressions that were formed. In this case study, our goal was to approach, capture and understand the features of the in-depth impressions.
Framework and methods of the study
We propose a methodology to capture these users' impressions as a semantic (concept) network. With a view to capture design impression, we investigate users' free style written descriptions, which represent a mixture of various impressions.
To capture in-depth impressions, we carefully consider the manner in which the in-depth impressions are created. The proposed methodology consists of association analysis of the written descriptions obtained from users, construction and analysis of concept network, and extraction and investigation of the in-depth impressions from the constructed network ( Figure 3) .
A detailed overview of the methodology is given below: • Written descriptions of the designed artefact obtained from users are considered for further investigation. When considering a method to capture impressions, we focus on the common in-depth impressions of individuals.
• We consider the written description words as associative words and conducted analysis of the obtained written description words with the aim of detecting the stimulus words of associative words based on the associative concepts network. The associative concept network differs from the concept networks used in natural language processing, as it distinguishes between the two categories of words (associative words and stimulus words of the associative words) rather than their hierarchy.
• The pairs of written description words and detected stimulus words are used to calculate the number of connections per stimulus word. In this manner, we obtain the weights of the stimulus words.
• The words are transferred onto vector graphs (concept network structures), on the basis of the calculated weights (as scores indicating the number of connections) of the detected stimulus words. Network analyses are based on network theory, which involves graph theory as a representation of either symmetric or asymmetric relations between discrete objects. To detect the in-depth impressions, the semantic network structure applied in the psychological approach provides a framework for the nodes and link structure.
• We construct vector graphs that represent the in-depth impressions (stimulus words) from separate designed artefacts. On the basis of this network structure, we position the words gathered from the free style written descriptions and extract the in-depth impressions from the network.
• The in-depth impressions extracted from the vector graphs are distributed onto a two-dimensional semantic map. This step integrates the results from separate designed artefacts in the semantic map to investigate the relationships within the total impression space. Furthermore, the in-depth impressions are categorised in order to investigate the features of the in-depth impressions.
In order to investigate the application of the methodology, this study employs a series of experimental investigations. We conducted a case study questionnaire survey to collect data and analyse the proposed methodology. Two different analysis techniques are employed in the association analysis: correspondence analysis (CA) and centring resonance analysis (CRA).
This methodology has been adopted in the case study described below.
Survey of seasonal colours: preliminary study
In our investigation of design impressions, we first conducted a preliminary study to develop a framework for our study. The participants were 22 adults. We investigated people's impressions of seasons using 3,800 colours, on the basis of JIS-Z-8721. To identify design impressions, we surveyed the basic structure of users' impressions elicited by designed artefacts (colour impressions of seasons and uniforms) in comparison with a general impression of the object (colour impressions of seasons). The key stimuli selected for investigating the impressions were seasons and colours because these concepts are well known and popular in Japan, and it was assumed that they would encourage participants to use their imaginations. As an example of designed artefacts, we selected a particular kind of medical uniform. We analysed the results of this survey and assumed six typical colours corresponding to each season: two colours for spring (cherry pink and young green), one for summer (light blue), two for autumn (apricot yellow and grass green), and one for winter (pale pink). 
Investigation settings
On the basis of the results of our survey, we prepared stimuli uniforms to investigate the impressions elicited by coloured uniforms. The colours of the stimuli uniforms were cherry pink (U6), young green (U7), light blue (U9), apricot yellow (U8), grass green (U3), pale pink (U2), white (U4), red (U5), and ultramarine (U1). Our investigation targeted a structure of association networks using these nine uniforms. Figure 4 shows the nine colours, categorised as A, B, and C, as stimuli for the investigation. The selected six colours of our preliminary study are shown in the frame of Group A (on the left), and the vivid colours are in Group C (on the right). We compared the impression structure of the colours in Group A with that of the standard colour in Group B (only one colour in this group), which was strongly associated with a hospital uniform, and the other colours in Group C, which were not at all associated with a hospital uniform.
Association analysis
Semantic network analysis is a method that analyses coloured uniforms as an example of designed artefacts in order to investigate the structure of users' impressions by focusing on association processes. The association process is defined as a 'mental connection between concepts or things'. Therefore, we investigated this process as a mental connection between concepts that form design impressions. We conducted a questionnaire survey to understand the impressions elicited by colour uniforms for a hospital.
The selection of the participants in this study is based on a pre-test of visitors to a hospital. We account them as users of the designed artefact in consideration. The pre-test showed a wide range of visitors of different ages, which was reflected in our choice of participants. We reduced the range of age to 22-70, as the most suitable to respond to the survey and express written impressions. The differences between the young and elderly participants were not considered in this study, as we grouped all the answers together. The eight male and five female participants in the case study (not the same as those in the preliminary study) were 22-70 years and all from the same country. The sample size of participants corresponds to those of other similar studies [e.g., studies on Kansei engineering (Tomico et al., 2008) ].
The impressions expressed by the 13 subjects in the free style written descriptions were collected in text files for each stimulus (uniform). The data obtained from the association analysis were first normalised as words using 'ChaSen' (Matsumoto, 1997) , a morphemic analysis tool; after deleting the overlapping words, 735 words were determined. Of these, 397 were extracted and used for further association analysis as follows. For every word, we calculated the probability of its occurrence in the responses.
Correspondence analysis (CA)
Correspondence analysis (CA) is a multivariate statistical technique similar to the principal components analysis used in Kansei evaluation. However, this technique scales data that should be situated in positive positions such that rows and columns are treated equivalently. The CA decomposes the chi-square statistic associated with this table into orthogonal factors. We cross-calculated the emergence frequency scores (0-13) of all the 397 words used by the 13 participants. Dual scaling was used to analyse the correspondences among these words in order to determine the key properties of all the words (Table 1) (Nishisato, 1994) . We then plotted the 397 words onto a two-dimensional map with Axes 1 and 2 that respectively represent the first two properties. This map expresses a semantic map of the nine coloured uniforms (explained in Section 5). 
Centring resonance analysis (CRA)
To investigate the structure of the impressions elicited by the nine coloured uniforms, we categorised them into three groups using network analysis to facilitate a comparison. We adopted a centring resonance analysis (CRA) on the association network in order to capture the in-depth impressions of the participants' impressions of the nine coloured uniforms as well as construct a semantic meanings map of the hospital uniforms. The CRA is a new text analysis method that has a broad scope and can be applied to large quantities of written text and transcribed conversations (Corman et al., 2002) . It differs from the traditional word frequency-based approach to modelling text. The CRA is based on the linguistic theory that deals with how people create coherence in their communication. Thus, the CRA employs natural language processing to create a network model of text. Networks via the CRA accurately represent the concept map that emerges when a person reads the text. Word influence values are calculated on the basis of the structural position of each word within the CRA network. In this research, we calculate the out-degree centrality for each concept network file (every file for which we carried out the sensitivity evaluation for each product). The following phases describe the subsequent procedures.
Phase 1 On the basis of the words used by the 13 participants, the text files were classified into nine groups for each uniform. These words were normalised and considered as impression words (Section 4.3).
Phase 2 The emergence frequency of all the impression words was calculated, and words that overlapped were erased. The probability of occurrence was recorded for each of the words used, and duplicated words were deleted. To detect the stimulus words, we used the associative concept dictionary for the impression words (Ishizaki, 2007) . This dictionary, constructed in a large-scale association experiment, applies the most common basic nouns (Japanese language at elementary school level).
Phase 3 On the basis of the associative concept dictionary, the written description data obtained in the sensibility evaluation case study were automatically computed ( Figure 5 ) into visualisation files to extract the latent image as the in-depth impression from the written impression words for each of the nine uniforms (see Phase 6). Phase 4 We analysed the nodes in all the text files from Phase 3 and calculated the out-degree centrality score using 'arc' counting for each concept network corresponding to the nine uniforms [equation (1)]. Centrality is a measure of the number of connections one node has with other nodes (Friedkin, 1991) . We detected the nodes that were more 'central', and thus important, than others. 
Table 2
The extracted in-depths impressions
The in-depth impressions for nine stimuli uniforms (82 words)
Blue, woman, green, white, red, yellow, daughter, touch, leaf bud, feature, friend, female, heat, climate, feeling, field, mother, season, blouse, shirt, grandmother, yard, scene, beige, cherry, autumn, lady, light, toilet, towel, waterside, wave, woods, kitchen, bud, sight, house, seashore, shade, colour, spring, facility, sister, evening, night, child, tenderness, flame, beach, courage, skin, leaf, lake, lily, energy, wind, the front, grandchild, cosmos, morning glory, cousin, ground, chrysanthemum, bubble, marsh, bridge, son, baby, flower, moisture, clouds, black, pacific ocean, picture book, peach, rain, bottom, harbour, river, doctor, water Phase 5 On the basis of the following determination rule, we transferred the text files onto vector graphs using weights.
Phase 6 From among the 161 words, we only selected words that had an out-degree centrality of over 0.0012, and words that overlapped were erased. Eighty-two words (Table 2) were extracted and considered as in-depth impressions of the impressions formed for the nine uniforms.
Phase 7 The nine files of impressions and associations of the words obtained in Phase 6 with over 0.0012 out-degree centrality scores were represented in nine independent network structures. The nine text files of in-depth impressions were visualised using 'Pajek 1.24' (Batagelj and Mrvar, 2003; Pajek 1.24, 2009 ) with the 'Fruchterman Reingold' algorithm ( Figure 6 ). The node size was set to 300 to ensure that the file was readable.
Phase 8 The latent concepts that represent the in-depth impressions were extracted from the words collected from each concept network file. For the final visualisation of the analysis in this study, we presented a two-dimensional map and distribute the extracted words (Table 2 ) of the in-depth impressions to investigate the relationships among the nine uniforms.
Results

CA results
As per the CA results of the surface impressions elicited by the nine uniforms, Figure 7 illustrates the relationships among the associations. Axis-1 represents feelings (strong/mild) and Axis-2 represents temperature (warm/cool). The positions of the typical associations for the nine uniforms are as follows.
• the first quadrant indicates warm and mild. U2, U3, U6, U8; and the words 'pretty', 'tree', 'gentle', and 'honest', are closely positioned in the case of each uniform
• the second quadrant indicates warm and strong. U5 and the words 'activity', 'crying', and 'fire' are closely positioned here
• the third quadrant represents cool and strong. U1 and U7, and the words 'quiet' and 'fresh', are closely positioned in the case of each uniform
• the fourth quadrant represents cool and mild. U4 and U9, and the words 'doctors'
and 'clean', are closely positioned in the case of each uniform. 
CRA results and constructed semantic map
The 82 extracted words (Table 2 ) represent the combined in-depth impressions in terms of seasons, colours, and uniforms. We distributed the 82 in-depth impressions on the semantic map (Figure 8 ). This step integrates the results from separate designed artefacts in this semantic map to investigate the relationships within the total impression space (
Step 6 of aforementioned methodology). This semantic map serves as qualitative visualisation for the season-coloured uniforms. Axis-1 represents temperature (warm/cool) and Axis-2 represents stability (excited/relaxed). The preferred impressions correspond to warm and relaxed directions. The positions of the nine typical associations for the nine uniforms are as follows.
• the first quadrant indicates relaxed and cool. U1, U4, and U9, and the words 'water', 'bubble', and 'surface', are closely positioned in the case of each uniform • the second quadrant indicates relaxed and warm. U2, U6, and U8, and the words 'female', 'grandchild', and 'ground', are closely positioned in the case of each uniform • the third quadrant represents excited and warm. U3, U5, and U7, and the words 'children', 'light', and 'bright', are closely positioned in the case of each uniform • the fourth quadrant represents excited and cool. No uniforms were positioned here, although the words 'woods', 'sight', and 'white' were.
The CRA map shows the clear differences between the nine uniforms. On the CRA map, the uniforms are positioned along the identified in-depth impressions.
Classification of the in-depth impressions
In order to investigate the relationship between the nine uniforms and in-depth impressions, we categorised the extracted 82 in-depth impressions (Table 3) . The categorisation is based on the obtained in-depth impressions belonging to a higher abstract category. The concept hierarchy of the WordNet 2.1 database has been employed for this purpose (WordNet 2.1, 2009 ). For example, the in-depth impressions such as 'leaf', 'bud', and 'peach' belong to the higher abstract category of 'natural object'. In our case, seven major categories of the obtained in-depth impressions were identified: natural object/plant, colour, person, artefact (connected with living space), phenomenon, abstraction, and other (general category). These categories are shown on the map of the CRA results (Figure 8 ).
Discussions
Findings: characteristics of the impressions elicited by the season-coloured uniforms
From the analyses results, we identified the characteristics of the formed impressions of the season-colours elicited by stimulus Group A (U2, U3, U6, U7, U8, and U9) as compared to those of the white and the vivid-colours elicited by stimulus Group B (U4: standard white) and stimulus Group C (U1 and U5). In the CA, four uniforms in Group A (U2, U3, U6, and U8) fell in the 'warm and mild' quadrant, which is separated from Group B (U4) and Group C (U1 and U5). In the CRA, three of these uniforms (U2, U6, and U8) fell in the 'warm and relaxed' quadrant. The colours of these uniforms (pale pink, cherry pink and apricot yellow) are considered to evoke the impression of 'warmth' or 'healing'. On the other hand, in the CRA, the standard colour white was strongly associated with the impression of the existing facilities in a hospital, which are related to the impression of 'closed'. In other words, the white uniform, which evoked the impression of a 'hospital', was associated with being 'confined in a room', and therefore did not evoke a 'warm' feeling. The impressions elicited by the white uniform showed conflicting feelings of 'stability' and 'anxiety'. The pale pink, cherry pink and apricot yellow uniforms might have evoked feelings of freedom because of the associated impressions of 'seasons', which symbolise the 'gentle dynamics of nature'. These impressions are considered to be closely related to the impression of 'healthy'. Moreover, unlike the white uniform evoking impressions of 'facilities in a hospital', the seasoncoloured uniforms evoked images of 'family', which is associated with intimate relationships, rather than the physical impressions of a 'house'. In the CA and CRA, the grass green uniform (U3) was located closest to the centre point and between the cherry pink (U6) and young green (U7) uniforms. Grass green is thought to be a well-balanced colour that evokes impressions of 'yards', 'flowers', and 'mothers'. The features of the pale blue uniform (U9) were most similar to those of the white uniform in Group B. On the other hand, the vivid-coloured uniforms of red and ultramarine evoked feelings of 'vitality' and 'nature'; these are not remotely connected to 'healing' impressions and 'mild' feelings, thus suggesting that they have features clearly distinct from those of the season-coloured uniforms. First, the vivid colours were associated with the impression of the 'force of nature', which is more powerful and harsh than the 'gentle dynamics of nature'. Second, unlike the season-coloured and white uniforms, the vivid-coloured uniforms evoked the in-depth impression categorised as 'outdoors'. The classification of the obtained in-depth impressions in our case study shows the season-coloured uniforms that can evoke the impression of 'person' (U6, U2, and U8), 'natural object/plant' (U6, U3, and U7), or 'artefact' connected with living space (U9 and U4). Thus, we can choose and coordinate the colours of the uniforms to evoke the intended impressions in users on the basis of the semantic map of the CRA results and the classification of the in-depth impressions. The CRA results with in-depth impressions allow for a precise choice as compared to the CA results with surface impressions, where almost all of the uniforms are grouped together.
Feasibility and prospects of the method
The results of the network analyses had shown that our method and approach had the potential to capture design impressions. We successfully obtained the differences in the responses to stimuli by conducting a case study on the design of the coloured uniform, as described above. The analyses results showed that in the natural order of things, the standard uniform (white) is closely related with the impressions of 'doctors', 'hospitals', and 'cleanliness'. On the basis of these case study results, our analysis method can be considered potentially suitable for capturing in-depth impressions. Moreover, the results showed that the season-coloured uniforms were closely related to a milder nature. The elicited impressions correspond to the responses of the preliminary study participants, who were different from those in this case study investigation. This confirms the reproducibility of data in the proposed method of successfully capturing design impressions. A merit of the proposed method is that the data obtained from the written descriptions were in natural language; therefore, it is completely different from the SD method. It will facilitate wider applications for design research because it is based on impression evaluation, which is closely related to understanding users at the depth level. For example, this method might contribute to the evaluation of future products having a compound element, that is, more complex artefacts used in divergent situations.
Open issues in studying design impression
There are some issues that must be addressed in the future. First, we have studied a case of coloured uniform designs from the perspectives of the visitors' (patients, family members of patients, or guests at a hospital). We chose to determine visitor perspectives with a view to capture mental impressions. However, in order to discuss uniform designs, it is necessary to also consider the people wearing the uniforms. Perhaps in their case, functional requirements would dominate mental impressions. Therefore, we would need to develop integration methods for mental (visual) and functional image impressions. Second, the dynamic feature of impressions should be strongly considered. Our method eases restrictions because impressions have been gathered by using free style descriptions rather than the scoring techniques of the SD method. However, users' impressions are dynamic, unstable, and easily susceptible to external influences. People in the real world are rather diverse in that they hail from different cultures, nations, races, and so on. In order to account for these differences, future data collection techniques need to be more advanced. Third, the participants' impressions could have been influenced by their motivations. The proposed method does not provide participants with a strict condition like the SD method does. However, in the future, we expect to develop a technique that will encourage participants to use their imaginations.
Contributions to future design theory and methodology
At the beginning of the paper, we described how artefacts are considered to be the result of users' experiences with a product, which, in turn, are the results of the endeavours of designers in society (Ulrich, 2007) . This has directed the attention of designers' towards the users' understanding of a product via experience, and therefore, design methods have begun to include more social views (Norman, 2004) . This view on the understanding of users drives design methodology, which is expected to develop further. However, there are some theoretical contradictions with designer creativity. The methods suggest that the understanding the users is important. As discussed, an outstanding designer can foresee the image of an artefact to be produced, perhaps corresponding to the users' understanding. In other studies, this has been discussed as an issue of design creativity and is considered the profound understanding of creative design (Rosenmann and Gero, 1993; Cross, 1997 Cross, , 2006 ). This idea is based on the understanding of in-depth impressions, which are impressions at the depth level of cognition. The findings in this paper shed some light on in-depth impressions through an analysis of the network structure of impressions. The method proposed in this study will increase the knowledge about in-depth impressions and facilitate the development of an impression-based design methodology that approaches impressions of design at the depth level.
Conclusions
Methodology for design impression
We have proposed a new methodology to capture design impressions by focusing on the associative concept networks represented in concept networks. In order to build a method that captures design impressions, we investigated the detailed structure of users' impressions within associative concept networks by conducting a case study on coloured uniform designs. The findings of this study show that the impressions of season-coloured uniforms are more closely related to the in-depth impression of 'warm and mild', as compared to those of the other colours, and season-coloured uniforms can evoke feelings of 'healing', which symbolise the 'gentle dynamics of nature' and which forms a high central concept of an ideal medical uniform. Through the case study, we demonstrated the validity of our proposed methodology to capture impressions of design. We addressed the advantages of this methodology, such as, the possibility of approaching in-depth impressions and the method's applicability while adopting free style description data. Future work will involve an analysis of design impressions on a larger scale. Further examination of the proposed method will be required on a continual basis.
Further development
On the basis of these findings, we propose sets of coloured uniform, which focus on seasonal impressions (Figure 9 ). This coloured coordination is based on the identified key concepts in our case study of hospital uniforms. The diversity of the proposed coordination of coloured uniforms varies depending on the season. In this proposal, we chose and coordinated the colours of the uniforms to evoke intended impression in users -'gentle dynamics of nature', avoiding the 'hospital' and 'forces of nature' -on the basis of the CRA results and the classification of the in-depth impressions. Our scheme for the new uniform coordination consists of the following characteristics, which evoke feelings of the 'gentle dynamics of nature':
• sequential plan of changes in the coloured uniforms according to the season
• synchronicity of the colours at every stage.
These characteristics create a meta-level dynamics of the impression from the uniforms. The proposed method can facilitate a concept of creating a kind of 'smart' textile material, which is changeable depending on the time (season) while creating the intended colour-coordinated impressions.
